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1
HEAT PROCESS DEVICE

This application is a continuation of application Ser.
No. 07/366,455, filed on Jun. 15, 1989, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a heat process de-
vice.

2. Description of the Related Art

The course of manufacturing semiconductor inte-
grated circuits includes a baking process for heating
semiconductor substrates after photo-resist film is ap-
plied to them or photo-resist film coated on them is
exposed and developed. One of the heat process devices
employed at the baking process is disclosed in
preliminarily-publicated Japanese Patent Application
No. 58-21332. This heat process device is directed to a
semiconductor substrate under heat treatment on a heat-
ing plate or heat transfer plate for a predetermined time
period at a certain temperature, while heating the heat
transfer plate by a heating element or a heater housed in
a heating substrate or a plate-like insulater. A heat pro-
cess is thus applied to the photo-resist film on the semi-
conductor substrate. |

This heat process device, however, has the following
drawbacks.

The heating element for heating the heat transfer
plate comprises arranging and sealing an electric resis-
tance wire in a plate-like insulator or a heating substrate.
The arrangement of the electric resistance wire is not
uniform in relation to a heat source for heating of the
heat transfer plate in this case. Therefore, the heat flux
perpendicular to the surface of the heating plate be-
comes larger as the object heating point comes nearer to
the electric resistance wire. When the heat transfer plate
of a smaller width is heated by this SCATERED heat
flux, temperature distribution on its surface does not
become uniform. In order to uniformly apply heat pro-
cess to the photo-resist film on the semiconductor sub-
strate, therefore, it is required that the heat flux at the
surface of the heat transfer plate is made uniform. This
requires the heat transfer plate to be made thick so that
the diffusion distance of heat can be made so long as to
make the heat flux at the surface of the heating plate
umform. The surface temperature of the heat transfer
plate can be thus made uniform.

When the heat transfer plate is made thick, however,
the heat capacity of the heat transfer plate is increased
and this makes it difficult to quickly raise and lower the
surface temperature of the heat transfer plate. When the
temperature of the thick heat transfer plate is to be
raised, for example, it takes a long time until the surface
of the heat transfer plate reaches a predetermined tem-
perature after current is applied to the heat transfer
plate. When higher current is added to the heat transfer
plate to shorten the time during which the surface of the
heat transfer plate is heated to the predetermined tem-
perature, the heating temperature becomes too high to
heat the heat transfer plate, that is, there is an over shoot
In temperature. When the heat transfer plate which is
made thick 1s to be cooled, the cooling of the heat trans-
fer plate cannot be finished in a practical time period. In
order to let the heat process device have a high heat
process capacity, therefore, it is required that the heat
transfer plate be made large-sized. This also makes the
whole device large-sized and heavy.
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Further, the heating element and the heating plate or
the heat transfer plate are different parts, and indirectly
contact via a very small gap. In general, there is a cer-
tain amount of the thermal contact resistance between
them. The speed of transmitting heat from the heating
element to the heating element depends greatly upon
the thermal contact resistance of them at the time of
assembly. As the result, heating capacity is different for
every heat process device thus made. When the heat
source 1s complicated in its structure, breaking of the
resistance wire as well as inferior insulation may be
caused, thereby lowering the reliability of the devices
thus made.

SUMMARY OF THE INVENTION

The object of the present invention is therefore to
provide a heat process device, which is small in size,
easy to operate, and excellent in controlling heating
temperature so as to apply uniform heat process to an
object to be processed.

According to the present invention, there can be
provided a heat process device comprising a film-like
heating body being heated by a current supplied, elec-
trodes arranged on the film-like heating body, and a
system for supplying a predetermined amount of cur-
rent to the electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an arrangement of the heat process
device according to the present invention;

FIG. 2 shows an arrangement of the main portion of
the heat process device according to the present inven-
tion;

FIG. 3 shows the heating section of the heat process
device shown in FIG. 1:

FI1G. 4 1s a graph showing the temperature raising
characteristic of the heat process device shown in FIG.
1 and those of the conventional devices:

F1G. § shows an arrangement of the test device for
conducting temperature tests;

FI1G. 6 is a graph showing the temperature lowering
characteristic of the heat process device shown in FIG.
1 and that of the conventional device:

F1G. 7 shows temperature distribution on the surface
of the heat transfer plate;

FIG. 8 shows another example of the heat process
device according to the present invention;

FI1G. 9 shows another example of the heat process
device according to the present invention, said device
having a current supply system comprising a timing
generator and the like;

FIG. 10A shows signals generated while current is
being supplied by a power source means shown in FIG.
9,

FIG. 10B shows delay signal;

FIG. 10C shows sampling signal; and

FIG. 11 shows another example of the heat process
device according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows an example of the heat process device
according to the present invention. Numeral 1 denotes a
heat transfer plate made of ceramics such as alumina
having electric insulation and heat transmission. Thin
conductive film 2 which serves as the heat source is
formed on the surface of heat transfer plate 1. Thin
conductive film 2 is made of chrome, for example.
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Chrome film, 0.1-100 um thick, preferably 0.5-2 Lm
thick, is vapor-deposited, as thin conductive film 2, on
the surface of heat transfer plate 1. Strip-like electrodes
3 made of copper, for example, are formed at both side
ends of thin conductive film 2. Electrodes 3 are con-
nected to power supply box 4. Current is supplied from
power supply box 4 to thin conductive film 2 through
electrodes 3 to heat thin conductive film 2 and then heat
transfer plate 1. Heat insulator 5§ made of tetrafluoroeth-
ylene (or Teflon), for example, is formed on the surface
of thin conductive film 2 as well as those of electrodes
3. The detecting terminal of thermometer 6 contacts the
surface of thin conductive film 2, passing through heat
insulator §. Thermometer 6 is electrically connected to
power supply box 4 through temperature control unit 7.
Detection signals of thermometer 6 are supplied to
temperature control unit 7. Power supply box 4 is con-
trolled 1n response to signals applied from temperature

10
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control unit 7, so that current supplied to thin conduc-

tive film 2 can be set at a predetermined value. The
surface temperature of heat transfer plate 1 can be thus
set at a predetermined value. Thermometer 6, tempera-
ture control unit 7 and power supply box 4 cooperate to
form current supply system 9.

Semiconductor wafer 8 which is an object to be pro-
cessed 1s placed on the other side of heating plate 1
which is coated with no thin conductive film 2. Heat
transfer plate 1 including heat insulator 5 and the like is
attached to a stage (not shown). Pins for supporting and
lifting semiconductor wafer 8 extend passing through
heat transfer plate 1 including heat insulator 5 and the
like. Semiconductor wafer 8 is loaded on and unloaded
from heat transfer plate 1 by means of a carrier system
(not shown).

As shown in FIG. 2, thin ceramic film 1B may be
interposed between heat transfer plate 1A and thin con-
ductive film 2. Heat transfer plate 1A is made of alumin-
tum in the case of this heat process device. Thin ceramic
film 1B, flame-sprayed, is interposed between heat
transfer plate 1A and thin conductive film 2 to provide
insulation between them. Even when the heat process
device is arranged to have this composite structure, thin
conductive film 2 can be easily attached to thin ceramic
film 1B. This heat process device, therefore, can
achieve the same heat process as in the case of the heat
transfer plate made of ceramics only.

In the case of the heat transfer plate made of ceramics
only, it depends upon the capacity of the ceramics sin-
tering furnace how easily the heat transfer plate can be
produced. As the heat transfer plate becomes larger and
larger in size, therefore, its manufacture becomes more
and more difficult and its cost rises. When the heat
process device is made to have the composite structure
shown in FIG. 2, thin ceramic film 1B can be attached
to the heat transfer plate 1A by flame spraying and then
thin conductive film 2 can be formed by vapor deposi-
tion. This makes it easy to assemble a heat process de-
vice capable of heating particularly large-sized semi-
conductor wafers 1B.

The operation of the heat process device arranged as
shown in FIG. 1 will be described below.

A predetermined value of current is supplied to thin
conductive film 2 by means of current supply system 9.
Heat transfer plate 1 is thus heated to a predetermined
temperature prior to placing semiconductor wafer 8 on
heat transfer plate 1. The pins (not shown) are projected
from the surface of heating plate 1. Semiconductor
wafer 8 is then mounted on the pins projected. The pins
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are lowered, causing semiconductor wafer 8 to be
placed on heat transfer plate 1 and held there by vac-
uum sucking. Semiconductor wafer 8 is heated to a
predetermined temperature by heat transmitted from
heating plate 1.

As shown in FIG. 3, only both side ends of heat
transfer plate 1 are made thicker because of electrodes 3
located there. However, the whole underside of heat
transfer plate 1 is directly coated with thin conductive
film 2, including even those side ends of heat transfer
plate 1 where electrodes 3 are located. That area of heat
transfer plate 1 which is directly heated by thin conduc-
tive film 2 can be thus made wide enough. When semi-
conductor wafer 8, 8 inches in size, is to be heated, for
example, heat transfer plate 1 can be made to have a
length of 200 mm, a width of 200 mm and a thickness of
0.1-5 mm, preferably 1-2 mm.

Both side end areas of heat transfer plate 1 where
electrodes 3 are located are quite small in the case of the
heat process device shown in FIG. 1. Therefore, heat
quantity Q1 scattered outside from both side end areas
of heat transfer plate 1 can be suppressed to be smaller
than 5% of heat quantity Q> vertically flowing through
heat transfer plate 1. Heat loss which is called end effect
at the time of heating process can be thus suppressed to
be negligible, thereby enabling the uniformity of surface
temperature on heat transfer plate 1 to be enhanced.

When semiconductor wafer 8 on heat transfer plate 1
1s heated to 100° C., for example, it has been confirmed
that the temperature distribution on the surface of heat
transfer plate 1 can be set to 100+1° C. in the case of the
heat process device shown in FIG. 1. If the same effect
i1s to be achieved by the conventional heat process de-
vice, 1t will be needed, considering the end effect, that
the heat transfer plate be made 50 mm or more thick,
120 mm long and 120 mm wide and that it be made of
aluminium. When it is made of aluminium, having the
above-mentioned dimension, it will become 10-15 times
heavier, as compared with heat transfer plate 1 of the
heat process device shown in FIG. 1.

When thin conductive film 2 of the heat process de-
vice shown in FIG. 1 is made of a material whose elec-
tric resistance becomes smaller as the temperature be-
comes lower, the following effect can be attained.
When thin conductive film 2 is heated, a larger current
flows to that area of thin conductive film 2 where the
temperature 1s relatively lower to that at the other area
thereof. Temperature at the low-temperature area of
thin conductive film 2 can be thus raised to a predeter-
mined value at the same speed as at the other area
thereof. When thin conductive film 2 is made of a cer-
tain material in the case of the heat process device
shown in FIG. 1, therefore, the temperature can be
raised at a uniform speed all overheat transfer plate 1.
As the result, the heat process of semiconductor wafer
8 can be achieved with extremely high safety.

It will now be described how the surface temperature
of semiconductor wafer 8, heat-processed by the heat
process device shown in FIG. 1, changes as time goes
by, referring to FIG. 4 in which test results obtained by
the heat process device of the present invention and by
the conventional ones are shown as a graph.

Tests were conducted using a test system shown in
FI1G. 8. The main portion of the heat process device
comprised bonding thin ceramic film 1B and then thin
conductive film 2 to one side of heat transfer plate 1A.
Electrodes 3 were attached to both side ends of thin
conductive film 2. AC voltmeter 11 and solid state relay
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14 were electrically connected in parallel to paired
electrodes 3. Power source 15 of AC 100 V was con-
nected between AC voltmeter 11 and solid state relay
14 through variable transformer 12. Temperature ad-
juster 13 was connected to solid state relay 14. Detect-
ing terminal of thin film thermocouple 10 which was
connected to temperature adjuster 13 was contacted
with the surface of heat transfer plate 1A. No atmo-
spheric gas was purged onto the surface of heat transfer
piate 1A.

Test were conducted as follows:

1) The test system was assembled and secondary
voltage of variable transformer 12 was then set to OV.

2) Predetermined alternative current was supplied to
electrodes 3.

3) It was then recorded how the surface temperature
of heat transfer plate 1A detected by thin film thermo-
couple 10 changed as time passed.

Results represented by characteristic curve I in FIG.
4 were obtained in this manner. The same tests were
conducted relating to the conventional heat process
device (comparison example 1) provided with no thin
conductive film and also relating to the conventional
heat process device (comparison example 2) whose heat
transfer plate was made thick. Their results were de-
noted by characteristic curves 11 and 111, respectively in
F1G. 4.

Tests were also conducted following steps 1) and 2)
but current supply to thin conductive film 2 was
stopped at step 3) and 1t was then recorded how the
surface temperature of heat transfer plate 1A changed
as time passed. Results thus obtained are shown by
characteristic curve IV in FIG. 6. The same tests were
conducted relating to comparison example 1 and results
thus obtained are shown by characteristic curve V in
FIG. 6.

In the case of the heat process device according to
the present invention, the temperature rising time dur-
ing which heat transfer plate 1A reached a predeter-
mined temperature of 200° C. after the start of heating
was about 15 minutes, as shown by characteristic curve
I in FIG. 4. In the case of the comparison examples,
they were about 60 minutes and about 30 minutes, re-
spectively, as shown by characteristic curves II and 111
in FIG. 4. It was confirmed in the case of the heat pro-
cess device according to the present invention that the
surface temperature of heat transfer plate 1A could be
easily raised to 200° C. when current of about 400 W
‘was supplied (P=V2/R =1002/25=400). In the case of
the conventional heat process device provided with no
thin conductive film (comparison example 1) whose
results were shown by characteristic curve II in FIG. 4,
however, current of about 450 W was needed to raise
the surface temperature of the heating plate to 200° C.

It can be found in the case of the heat process device
according to the present invention that the object to be
processed can be heated to the predetermined tempera-

ture with a smaller heat capacity and for a shorter time
period, as compared with those in the case of the con-
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overshoot caused by heating is negligible. In the case of
the comparison examples having characteristic curves
Il and III in FIG. 4, however, the temperature rising
time during which the surface temperature of the heat
transfer plate reaches the predetermined temperature
after the start of heating was longer and it also takes a
longer time for the heat transfer plate to reliably keep its
surface at the predetermined temperature. It can be,
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therefore, found that a larger heat capacity and a longer
time are needed to raise the object to be processed to
the predetermined temperature and that the demerit of
overshoot 1s likely to be caused. For the purpose of
raising the surface temperature of the heat transfer plate
while making the overshoot caused by heating as neglh-
gible as possible, the heat transfer plate must be heated
to slowly reach the predetermined temperature, as ap-

parent from characteristic curve III in FIG. 4. It can be

therefore found that quick heat process cannot be ap-
plied to the object.

As apparent from characteristic curve IV in FIG. 6,
extremely quick lowering of temperature can be at-
tained with the heat process device of the present inven-
tion. It has been confirmed that temperature lowering
from 100° C. to 95° C. can be achieved in 5 minutes or
less. In the case of the conventional heat process device
(or comparison example 1), however, temperature low-
ering 1S quite slow, as apparent from characteristic
curve V 1n FIG. 6. It has been confirmed that 4 minutes
or more are needed to lower the surface temperature of
the heat transfer plate from 100° C. to 95° C.

As described above, the heat process device of the
present invention enables the object to be quite well
heat-processed, quickly lowering or raising its tempera-
ture.

Using the test system shown in FIG. §, test were
conducted relating to temperature distribution on the
surface of heat transfer plate 1A.

Temperature adjuster 13 was switched on and off.
The predetermined temperature was 100° C. and heat
transfer plate 1A was heated to this temperature. When
the surface temperature of heat transfer plate 1A be-
came stable enough, temperature was measured at 17
optional points on the surface of heat transfer plate 1A
by means of thin film thermocouple 16, as shown in
FIG. 7. Results thus obtained were denoted by figures
in FIG. 7. As apparent from FIG. 7, it was confirmed
that temperature was 99-100° C. almost all over the
surface of heat transfer plate 1A same as that of the
conventional heat process device.

Another example of the heat process device accord-
ing to the present invention will be described now refer-
ring to FIG. 8. This heat process device comprises
piling three heat process devices shown in FIG. 1 one
upon the other to heat-process three pieces of semicon-
ductor wafers 8 at the same time. Three pieces of semi-
conductor wafers 8 are placed on heat transfer plates 1a,
15 and 1c, respectively. Thin conductive films 2a, 2b
and 2¢ are bonded to the undersides of heat transfer
plates 1a, 16 and 1c, respectively. Paired electrodes 3a,
3b and 3c are attached to both side ends of thin conduc-
tive films 24, 2b and 2¢, respectively. Heat insulators 54,
Sb and 5¢ are bonded to the surfaces of thin conductive
films 24, 2b and 2¢, respectively, covering paired elec-
trodes 3a, 3b and 3¢ thereon, too. Terminals of ther-

mometers 6a, 60 and 6c¢ are connected to surfaces of thin
conductive films 2, 26 and 2¢. Thermometers 6a, 65

and 6¢ are connected to power supply box 4¢, 45 and 4c¢
through temperature control units 7a, 7b and 7c, respec-
tively, to form current supply systems 9a, 95 and 9¢. As
seen 1n the case of the heat process device shown in
FIG. 1, semiconductor wafers 8 are heat-processed
rendering current supply systems 9a, 95 and 9¢ opera-
tive.

When the heat process devices are piled one upon the
other in this manner, all of them can be small-sized. In
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addition, plural pieces of the semiconductor wafers can
be extremely efficiently heat-processed.

A further example of the heat process device which
uses voltage amplifier 31, timing generator 36 and the
like to form the current supply system will be described
now referring to FIG. 9.

Electrodes 3a and 3b are made of copper, for exam-
ple. One electrode 3a is electrically connected to power
supply box 4 while the other electrode 3b to a wiring

which connects power supply box 4 to the plus side of 10

voltage amplifier 31. Power supply box 4 can change
the amount of current to supply by varying the time
length of current supply which starts with the begin-
ning of one cycle when one second, for example, is
deemed as the one cycle. Power supply box 4 supplies
current to thin conductive film 2 through electrodes 3a
and 3) to heat transfer plate 1 to a predetermined tem-
perature. In short, power supply box 4 is driven respon-
sive to pulses.

Heat insulator § made of tetrafluoroethylene, for
example, covers thin conductive film 2 and electrodes
3a and 3b.

One end of temperature measuring lead line 30 is
attached to thin conductive film 2 at a certain position
thereof adjacent to one electrode 3b by bonding, solder-
ing or the like. The voltage of a thermoelectromotive
force caused between thin conductive film 2 and elec-
trodes 3a, 3b can be detected between temperature
measuring lead line 30 and electrode 3a or 3b.

Electrode 35 1s connected to plus input 32 of voltage
amplifier 31 which is an operational amplifier having a
high input impedance. The other end of temperature

measuring lead line 30 is connected to minus input 33 of

voltage amplifier 31. Voltage Vo between temperature
measuring lead line 30 and electrode 36 is received as an
input, which is amplified and then fed as an output.

The output of voltage amplifier 31 is applied to sam-
ple holder 35, which samples the output of voltage
amplifier 31 responsive to timing signals applied from
timing generator 36 which is connected to power sup-
ply box 4. Sample holder 35 holds this output until a
next sampling process is started. The output of sample
holder 35 has a nonlinear characteristic. This output is
supplied to linearizer 37 where it is converted to have a
linear characteristic. It is also converted to approximate
an output level which corresponds to the magnitude of
the voltage Vo or thermoelectromotive force between
temperature measuring lead line 30 and electrode 35. It
1s then outputted through linearizer 37.

This output is analog-displayed by the pointer type
meter to show temperature or is converted from analog
to digital and then digital-displayed on display 38 to
show temperature. It is also fed back to power supply
box 4 and used as a signal for controlling temperature.

A substrate or semiconductor wafer 8 which has been
coated by a layer of photoresist is placed on the side of
heat transfer plate 1 on which no thin conductive film 2
1s formed, and it is then heat-processed.

Before semiconductor wafer 8 is placed on heat trans-
fer plate 1, current is supplied to thin conductive film 2
through electrodes 3a and 3b by power supply box 4 to
heat transfer 1 to a predetermined temperature.

Pins (not shown) are projected from the top of heat
transfer plate 1 and resist-coated semiconductor wafer 8
carried by carrier system (not shown) is mounted on top
of the pins. The pins are then lowered to place semicon-
ductor wafer 8 on heat transfer plate 1. Semiconductor
wafer 8 is sucked and held on heat transfer plate 1 and
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heated to the predetermined temperature of 200° C., for
example, by heat transmitted from heat transfer plate 1.

It will now be described how the heating temperature
is controlled.

Current supply is made from power supply box 4 to
thin conductive film 2, responding to pulses applied as
shown in FIG. 10A. It is set that cycle T equals 1 sec-
ond, and a current supply starts at the same time when
every cycle begins. Current supplied to thin conductive
film 2 is controlled by varying this current supply time.
T4, Tp, Tcand current supplied every cycle is reduced
more and more in a case shown in FIG. 10A.

The timing signal for allowing current to be supplied
is inputted to timing generator 36, where a delay signal
having time length Td of about 10 ms is generated every
time the timing signal falls, as shown in FIG. 10B.

The sampling signal having time length Ts of about
several microns is then generated every time the delay
signal falls, as shown in FIG. 10C. The sampling signal
1s inputted to sampling holder 35.

The delay signal is intended to make it possible that
the voltage of thermoelectromotive force is sampled
when no influence of current supply is left at all after
the current supply of power supply box 4 is stopped.
Current supply is controlled in such a way that the total
sum of current supply time T4, time length Td of the
delay signal, and time length T's of the sampling signal is
within one cycle T (or 1 second) and that no influence
1s added to the voltage of thermoelectromotive force.

Thin conductive film 2 is heated by current supplied
from power supply box 4 through electrodes 3a and 3b.
Because the junctions of electrodes 3a and 34 with thin
conductive film 2 are heated, thermo-electromotive
force is created, due to thermoelectric effect, between
thin conductive film 2 and electrodes 3a, 35.

This thermoelectromotive force is detected between
electrode 3b and temperature measuring lead line 30.
Voltage Vo detected is amplified by voltage amplifier
31, which has a high input impedance, and then inputted
to sample holder 35.

When the sampling signal is inputted, sample holder
35 samples the output voltage value of voltage amplifier
31 and holds it until a next sampling signal is inputted to
sample holder 35. Therefore, the output of sample
holder 35 appears as a discontinuous step-like wave-
form.

the output of sample holder 35 is inputted to linear-
izer 37, where the discontinuous step-like output volt-
age 1s converted to a continuous analog amount which
corresponds to voltage Vo of thermoelectromotive
force, which is then outputted.

This output voltage is analog-displayed by the
pointer type meter or converted to digital figures and
then digital-displayed on display 38 to show a tempera-
ture.

The output voltage value of linearizer 37 is fed back
to power supply box 4, for example, and the tempera-
ture measured to lower than the previously set tempera-
ture, power supply box 4 is controlled to make longer
its time of supplying current to thin conductive film 2 to
raise the temperature measured. When the temperature
measured to higher than the set temperature, however,
power supply box 4 is controlled to make shorter its
time of supplying current to thin conductive film 2 to
lower the temperature measured. The temperature of
thin conductive film 2 can the be automatically adjusted
to the set temperature in this manner.
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As apparent from the above, no temperature measur-
ing element is needed because thin conductive film 2
which 1s a film-like heating member can be used as the
temperature measuring element. This enables measure-
ment and control of temperature to be conducted with
high accuracy.

Heat process device 40 having such a main portion as
shown in FIG. 11 s a further embodiment of the present
invention. Numeral 41 represents a heat insulation mem-
ber. Insulation layer 42, film-like heating body 43 and
insulation layer 44 are successively piled one upon the
other in this order on that side of heat insulation mem-
ber 41 on which the object to be processed is mounted.
Electrodes 45 are formed on and along both side rims of
film-like heating body 43, contacting both side end faces
of insulation layer 44.

The heat capacity of insulation layer 42 can be made
extremely small in this case. Therefore, the response of
film-like heating body 43 to current applied can be
enhanced remarkably. On the other hand, the thermal
diffusivity of the base (or insulation layer 42) which is
coated with film-like heating body 43 becomes far less
important. Therefore, this base can be made of heat
insulation material such as ceramics and resins.

When the heat process is to be carried out at high
temperature, using heat process device 40, mechani-
cally strong and stable stainless steel can be used as the
material of the base.

Insulation layer 44 formed on film-like heating body
43 can be made of alumina, for example, which has a
high infrared emission rate. This can realize an infrared
heating means.

The thin conductive film which is a component of the
heat process device according to the present invention
may be made of a metal such as chrome, nickel, plati-
num, tantalum, tungsten, tin, iron, copper, Alumel, ber-
ylhum, antimony, indium, chromel, cobalt, strontium,
rhodium, palladium, magnesium, molybdenum, lithium
and rubidium, or a material of the carbon type such as
carbon black and graphite, or an alloy such as ni-
chrome, stainiess steel, bronze and brass, or a composite
material of the polymer group such as polymer graft
carbon, or a composite ceramic material such as molyb-
denum silicide. The material of which the thin conduc-
tive film 1s made may have conductivity and serve as a
heating resistance to form a heat source when current is
supplied to this material. It may depend upon the heat
process temperature employed as to which of the
abovementioned materials i1s selected as the material of
the thin conductive film.

Vapor deposition, chemical vapor deposition, sput-
tering, thermal spraying, ion implantation, ion plating
or the like may be used, depending upon the material of
which the thin conductive film is made, to attach the
thin conductive film to the heat transfer plate.

The heat transfer plate may be made of a material
excellent in heat conductivity and electric insulation. As
such a material for the heat transfer plate, there can be
cited ceramics such as alumina, zirconia, silicon carbo-
nite, silicon nitride and diamond, or metal oxide such as
quartz and rutile, or brick such as high alumina brick
and carbon brick.

Objects which ca be heat-processed by the heat pro-
cess device according to the present invention include
semiconductor wafers on which a resist film has been
formed, those coated with developing liquid, and those
which are to be subjected to ashing, etching, chemical
vapor depositing, sputtering process, or annealing. The
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heat process device of the present invention is also
intended for heating liquid crystal devices, drying film
coated, heating plastic materials when they are surface-
processed prior to their bonding process, and drying
printing resisters.

According to the present invention as described
above, a desirable heat process can be smoothly and
easily applied to resist-film-coated semiconductor wa-
fers while keeping the surface temperature of the heat
transfer plate uniform. In addition, the heat process
device can be made extremely thin as compared with
the conventional ones. The heat capacity of the heat
transfer plate can be thus made smaller. This enables
different heat process temperatures to be more quickly
set with better respondency. Further, the heat transfer
plate can be made smaller in size and lighter in weight.
This enables the whole of the heat process device to be
made more compact.

Furthermore, the heat transfer plate and the heat
source can be made integral and simple in construction
because of the thin conductive film used. Therefore,
electric heating resistance at the joint of the heat trans-
fer plate with the heat source can be reduced to some
great extent and such accidents as line breaking of the
heat source can be prevented. As the result, the reliabil-
ity of the heat process device can be enhanced.

What 1s claimed is:

1. A heat process device comprising:

plural heat process units piled one upon the others at

a certain interval, each of said heat process units
including a heat transfer plate on one side of which
an object to be processed is mounted; a film-like
heating body attached to the other side of the heat
transfer plate; electrodes attached to the film-like
heating body; and a system for supplying a prede-
termined amount of current to the electrodes.

2. The heat process device according to claim 1,
wherein said object to be processed is 2 semiconductor
wafer, a liquid crystal device or a printing resister.

3. A heat process device comprising:

a heat transfer plate on one side of which an object to

be processed 1s mounted,

a film-like heating body formed on this one side of

sald heat transfer plate,

electrodes formed on and along both side edges of

said film-like heating body,

a means for supplying a predetermined amount of

current to said electrodes, and

an insulation layer formed not on said electrodes but

on said film-like heating body.

4. A heat process device comprising plural heat pro-
cess units piled one upon the other at a certain interval,
said heat process unit including a heat transfer plate on
one side of which an object to be processed is mounted,
a film-like heating body formed on this side of said heat
transfer plate, electrodes formed on and along both side
rims of said film-like heating body, a means for supply-
ing a predetermined amount of current to said elec-
trodes, and an insulation layer formed not on said elec-
trodes but on said film-like heating body.

5. The heat process device according to any of claims
3 and 4, wherein said insulation layer formed on the
film-like heating is made of a material selected from the
group consisting of: alumina, zirconia, silicon carbonite,
silicon nitride, quartz, rutile, high alumina brick and

carbon brick.
%x x *x ¥  d
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